A novel bacterial strain, designated HSG9 T , was isolated from aisolated from a rotten tropical mangrove root. Cells of strain HSG9 T were aerobic, Gram-stain-negative, yellow, oxidase-negative and catalase-positive. Growth was observed in 0.5-9 % sea salt (optimum 3 %, w/v), at 10-42 C (optimum 25-35 C) and at pH 6.0-8.0 (optimum 7.0-8.0). Gelatin, esterase and Tweens 20, 40, 60 and 80 were hydrolysed, but starch, protein, cellulose and casein were not. Phylogenetic analysis based on the 16S rRNA gene sequence indicated that strain HSG9 T formed an independent lineage related to the family Flavobacteriaceae. The dominant fatty acids were iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The respiratory quinone was identified as MK-6 and the polar lipids were phosphatidylethanolamine, three unidentified phospholipids and an unidentified lipid. The DNA G+C content was 37.1 mol%. The combined genotypic and phenotypic data indicated that strain HSG9 T represents a novel species of a new genus within the family Flavobacteriaceae, for which the name Croceivirgaradicis gen. nov., sp. nov. is proposed. The type strain is HSG9 T (=MCCC 1A06690 T =KCTC 52589 T ).
The family Flavobacteriaceae is one of the major evolutionary lineages within the phylum Bacteroidetes, previously known as the Cytophaga-Flavobacterium-Bacteroides group [1] . The bacteria of the family Flavobacteriaceae are nonmotile or motile by gliding, Gram-stain-negative and chemoheterotrophic, with MK-6 as the major respiratory quinone. Within this family, members from marine environments form a well-defined 'marine clade' [2] . In 2010, strain HSG9 T was isolated from a rotten tropical mangrove root and characterized by its 16S rRNA gene, indicating that it could not be allocated to any established taxa in the family Flavobacteriaceae. The 16S rRNA sequence of strain HSG9 is the same as the Mesoflavibacter zeaxanthinifaciens strain S86 [3] . However, as the sequence of strain S86 is quite different from the type strain of M. zeaxanthinifaciens, strain S86 cannot be identified as M. zeaxanthinifaciens. Therefore, the aim of the present work was to determine the phylogenetic position of strain HSG9 T by using a polyphasic taxonomic approach.
Strain HSG9 T was isolated from a rotten tropical mangrove root (110 34¢ E, 19 58¢ N, Hainan, China) in May 2010. The rotten root was sheared with sterile scissors and then homogenized in physiological saline (0.9 % NaCl, w/v) under aseptic conditions. Appropriate dilutions of homogenized samples were plated on a marine agar 2216 medium (MA; BD Difco) at 28 C for 5 days. Individual colonies were picked from the MA plates. After primary isolation and re-purification, strain HSG9 T was cultivated at 28 C on the same medium for biochemical and physiological characterization. The phylogenetically related type strains, Croceitalea eckloniae JCM 13827 T , Croceitalea dokdonensis JCM 13826 T , Aureicoccus marinus KCTC 23967 T , Muricauda lutimaris KCTC 22173 T and Muricauda ruestringensis LMG 19739 T , were obtained from the Japan Collection of Microorganisms (JCM), the Korean Collection for Type Cultures (KCTC) and the Laboratorium voor Microbiologie (LMG), respectively. Strain HSG9 T was stored at À80 C in marine broth 2216 (MB; BD) containing 20 % (v/v) glycerol.
Genomic DNA was extracted using the AxyPrep Bacterial Genomic DNA Miniprep Kit (Axygen Biosciences) according to the manufacturer's instructions. The 16S rRNA gene was amplified by using PCR with the primer pairs 27F and 1492R [4] . The almost-complete 16S rRNA gene sequence of strain HSG9 T was submitted to the GenBank database. Sequences from closely related taxa were obtained from the GenBank database. Phylogenetic trees of the 16S rRNA gene sequences for strain HSG9 T and reference strains were generated using the software MEGA version 5.05 with distance options according to Kimura's two-parameter model [5] and clustering with the neighbour-joining (NJ) [6] , maximum likelihood (ML) [7] and minimum evolution (ME) methods [8] , with bootstrap values based on 1000 replications.
A nearly full-length 16S rRNA gene sequence (1459 bp) of strain HSG9 T was obtained. Strain HSG9 T shared the highest 16S rRNA gene sequence similarity with Croceitalea eckloniae DOKDO 025 T (94.7 %), Muricauda lutimaris SMK-108 T (94.2 %), Croceitalea dokdonensis DOKDO 023 T (93.08 %), Aureicoccus marinus SG-18 T (92.71 %) and Muricauda ruestringensis DSM 13258 T in the family Flavobacteriaceae, and corresponding sequences were retrieved by using the EzBioCloud server [9] . The NJ tree ( Fig. 1 ) showed that strain HSG9 T formed a branch related to the members of the genera Muricauda, Flagellimonas, Spongiibacterium, Croceitalea, Aureicoccus, Euzebyella, Pseudozobellia, Eudoraea, Muriicola, Arenibacter, Kriegella, Zobellia, Maribacter and Pibocella. This topology was also confirmed by ME and ML trees (data not shown). According to a threshold value of 94.5 % of the 16S rRNA gene sequence for bacterial genus delineation [10] and an independent branch of trees within the family Flavobacteriaceae, strain HSG9 T should represent a novel genus of this family.
Gram staining was performed using a Gram-staining kit (Hangzhou Tianhe Microorganism Reagent) following the manufacturer's instructions. The morphology and flagellation of cells were observed by transmission electron microscopy (JEM-1230, JEOL) after cells were negatively stained with phosphotungstic acid. Cultures were grown on MA at 28 C for 1 day prior to staining. Catalase and oxidase activities were determined by bubble production in 3 % H 2 O 2 (v/ v, Sangon Biotech) solution and the oxidation of 1 % N,N, N¢,N¢-Tetramethyl-1,4-phenylenediamine (w/v, BioMerieux). Gliding motility was tested according to the previously described method [11] . Cellular pigments from cultures grown on MA were extracted with acetone/methanol (3 : 2, v/v), and their absorption spectra were determined with a scanning UV/visible spectrophotometer (SmartSpec Plus; Bio-Rad). The presence of flexirubin-type pigments was investigated using the previously described method [11] . The temperature range for growth was determined at 5, 10, 15, 20, 25, 30, 35, 40, 41, 42 and 45 C in MB. The pH range for growth was determined in MB adjusted to pH 3.0-11.0 (at 1 pH unit intervals) with citrate/phosphate (pH=3.0-7.0), Tris/HCl (pH=8.0-9.0), or sodium carbonate/sodium bicarbonate (pH=10.0-11.0) buffers. The tolerance range for salts was tested at 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 % sea salt (w/v) in MB prepared with distilled water and supplemented with the same commercial sea salts solution [1] . Growth rate was determined by measuring the absorbance (OD 600 ) of cultures grown at various temperatures, pH and sea salt concentrations over time. Growth under anaerobic conditions was determined on MA for 2 weeks after incubation in an anaerobic jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology). Hydrolysis of starch, casein, protein, esterase, cellulose and Tweens 20, 40, 60 and 80 were tested on MA plates supplemented with 0.2 % soluble starch, 0.1 % casein, 0.1 % skimmed milk powder, 0.1 % esterase, 0.8 % celluflour and 1 % (v/v) Tweens 20, 40, 60, 80 according to standard methods [12] . The API 20NE, API 20E and API ZYM (bio-M erieux) tests were carried out according to the manufacturer's instructions, with the single modification of adjusting the NaCl concentration to 3.0 % in all tests. Detailed results of the phenotypes are presented in Table 1 and in the genus and species descriptions.
To determine the whole-cell fatty acid composition, cells of strain HSG9 T were scraped in the middle of exponential phase from MA plates at 37 C for 48 h. The cells were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol [13] . The fatty acids were then analysed by gas chromatography (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System. The fatty acid composition for reference strains were determined under the same conditions in this study. The dominant fatty acids of strain HSG9 T were iso-C 15 : 0 (37.8 %), iso-C 17 : 0 3-OH (21.5 %) and iso-C 15 : 1 G (18.1 %). The fatty acid profile was similar to the reference type strains, but the proportion of some components was different ( Table 2) .
Respiratory quinones were extracted according to Minnikin et al. [14] and analysed by high-performance liquid chromatography according to the protocol described by Collins [15] . The quinone of strain HSG9 T was menaquinone with six isoprenoid units (MK-6), which was in accordance with members of the family Flavobacteriaceae.
Polar lipids were extracted according to Minnikin et al. [14] and identified by two-dimensional thin-layer chromatography followed by spraying with appropriate detection reagents [16] . The polar lipids were identified as phosphatidylethanolamine, three unidentified phospholipids and an unidentified lipid (Fig. S2) . However, the reference strain Aureicoccus marinus KCTC 23967 T contained phosphatidylethanolamine, two unidentified aminolipids, two unidentified glycolipids and a phospholipid [17] .
The draft genome sequence of strain HSG9 T was determined by Shanghai Majorbio Bio-pharm Technology and then submitted to the GenBank database. The DNA G+C content of strain HSG9 T was calculated as 37.1 mol% from the draft genome sequences, which was lower than recognized reference genera with the range of 41.0-66.5 mol% ( Table 1 ).
The phylogenetic, phenotypic and chemotaxonomic results presented above support the view that strain HSG9 T should be assigned to the family Flavobacteriaceae. In summary, considering the low 16S rRNA gene sequence similarity (94.7 %) between strain HSG9 T and the most closely related strain, Croceitalea eckloniae DOKDO 025 T , its distinct branching position in phylogenetic analyses and the cumulative differences described above, the data support that strain HSG9 T should represent a novel species of a new genus within the family Flavobacteriaceae, for which the name Croceivirga radicis gen. nov., sp. nov. is proposed.
DESCRIPTION OF CROCEIVIRGA GEN. NOV.
Croceivirga (Cro.ce.i.vir¢ga. L. adj. croceus yellow; L. fem. n. virga rod; N.L. fem. n. Croceivirga a yellow rod).
Cells are Gram-stain-negative and rod-shaped. Growth of cells requires NaCl and oxygen. The dominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The major polar lipids comprise phosphatidylethanolamine and phospholipids. The quinone is MK-6. As determined by 16S rRNA gene sequence analyses, the genus Croceivirga is a member of the family Flavobacteriaceae in the phylum Bacteroidetes. The type species is Croceivirga radicis.
DESCRIPTION OF CROCEIVIRGA RADICIS SP. NOV.
Croceivirga radicis (ra¢di.cis. L. gen. n. radicis of a root, the source of isolation of the type strain).
Cells are Gram-stain-negative, rod-shaped, 1. 60 and 80 are hydrolysed, but starch, protein, cellulose and casein are not. Positive for nitrate reduction, catalase and gelatinase, negative for oxidase and anaerobic growth. In API ZYM tests, positive for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase and a-glucosidase; weakly positive for cystine aminopeptidase, naphtol-AS-Bl-phosphoamidase, b-glucosidase and N-acetyl-b-glucosaminidase; negative for b-glucuronidase, a-fucosidase, lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase and a-mannosidase. In API 20E and 20NE tests, positive for b-galactosidase, arginine dihydrolase, lysine Table 1 . The characteristics of strain HSG9 T and reference strains within the family Flavobacteriaceae Strains: 1, HSG9 T ; 2, Croceitalea eckloniae JCM 13827 T ; 3, Croceitalea dokdonensis JCM 13826 T ; 4, Muricauda lutimaris KCTC 22173 T ; 5, Muricauda ruestringensis LMG 19739 T ; 6, Aureicoccus marinus KCTC 23967 T . All data from this study, except the DNA G+C contents of the reference strains that were taken from the original species descriptions [1, [17] [18] [19] . Characteristics are scored as: W, weak; +, positive; À, negative; ND, no data available. The data in footnote is that previously published data differ from this study.
*Sea salt concentration was converted to NaCl concentration.
decarboxylase, ornithine decarboxylase, urease, tryptophan decarboxylase, Voges-Proskauer reaction and gelatinase, urease, and b-glucosidase (aesculin hydrolysis); negative for utilization of citrate, H 2 S production, indole production, fermentation/oxidation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin, arabinose, Dglucose fermentation and utilization of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In addition to the polar lipids phosphatidylethanolamine and three unidentified phospholipids, it also comprises an unidentified lipid. The DNA G+C content of the chromosomal DNA determined from the draft genome sequence of the type strain is 37.1 mol%.
The type strain HSG9 T (=MCCC 1A06690 T =KCTC 52589 T ) was isolated from a rotten root in a tropical mangrove, Hainan province, PR China.
Funding information
This work was financially supported by National Infrastructure of Microbial Resources of China (NIMR-2017-9), Innovation and development of marine economy demonstration project of Xiamen City (16PZP001SF16). [20] summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain lengths (ECLs) as well as those where the ECLs are not reported separately [20] . Summed feature 3: C 16 : 1 !6c and/or C 16 : 1 !7c. Summed feature 9: iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl.
